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METHOD AND AGENT FOR FIXING
PARTICLES ON A SUBSTRATE

CROSS-REFERENCE TO RELATED
APPLICATION

This application claims priority under 35 U.S.C. § 119(b)
to German Application No. 10 2018 121 948.2, filed Sep. 8,

2018, the disclosure of which 1s incorporated herein by
reference in 1ts entirety.

BACKGROUND OF THE INVENTION

The present invention relates to a method and an agent for

fixing particles to a substrate, 1n particular for electron-
microscopic or light-microscopic investigation of the par-
ticles.

In particular, the mvention relates to a method for fixing
particles on a substrate, comprising the method steps:

(a) providing a substrate which contains open pores and
which has an upper side and a lower side, with the
particles to be fixed on the upper side,

(b) providing an adhesive solution which contains a fixing
agent and/or a precursor for a fixing agent in a solvent
or diluent,

(c) contacting of particles and adhesive solution,

(d) removing the solvent or diluent, forming an adhesive
compound which fixes the particles on the substrate,
and which contains the {ixing agent.

Furthermore, the present invention relates to an agent for
fixing particles to a substrate, wherein the agent contains a
polymerizable or polymerized organic substance.

Methods for fixing particles on a substrate play a role in
microscopic observation and analysis, for example, in the
field of medical engineering, biology and in ascertaining
“technical cleanliness” when determining residual contami-
nation.

When determining technical cleanliness, the surface of
technical components, for example machine elements, 1s
rinsed with a solvent, and 1n so doing adhering dirt particles
are washed away. The washing solution 1s then filtered, and
the particles are deposited on a filter medium. By analyzing
the particles, for example by means of electron-microscopic
or light-microscopic 1nvestigations, conclusions can be
drawn about the quality of the manufacturing and 1nconsis-
tencies 1n the manufacturing process of the technical com-
ponent.

When determining technical cleanliness, two basic mnves-
tigative approaches are of great importance. These are, on
one hand, quantitative counting and measurement of par-
ticles on a filter membrane by means of optical microscopes,
and on the other hand, qualitative material analysis of the
particles.

The counting and measurement of the particles as a rule
also supplies the qualitative distinction between metallic and
non-metallic particles. For this, the investigation however
requires a non-metallic background on which the particles
lie during analysis. Usually, filter materials based on cellu-
lose (cellulose nitrate) or mesh filters (made of PET or
polyamide) are used as the non-metallic background.

Because of increased requirements, increasingly material
analysis at least of the largest (sometimes of all) particles
found 1s additionally required, which 1s frequently carried
out by means of SEM/EDX (SEM—scanning electron
microscope, EDX or EDS (energy dispersive X-ray spec-

troscopy)).
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In this case, there 1s the problem that the substrate (for
example, the filter membrane) 1s electrically non-conduc-

tive. Therefore, there 1s the rnisk that the particles will
become charged and fly away uncontrolledly due to elec-
trostatic eflects. This occurs, 1 particular, with SEM/EDX
analyses, since for this analysis, the particles have to be
bombarded with electrons for a relatively long time and in
focused manner in order to obtain suthciently high “count
rates” for the SEM/EDX spectrum.

In order to get around the disadvantage of the lack of
clectrical conductivity of the conventional filter membrane
materials, one makes do with transferring the particles to be
analyzed individually onto an electrically conductive carbon
strip, so that they can be subjected to an SEM/EDX analysis
without the risk of an electrostatic charge. This method
cannot, however, be used for serial ivestigations.

It has also been proposed to fix the particles on the filter
medium for electron-microscopic mvestigations with a fix-
ing agent consisting of an electrically conductive matenal,
for example by covering them over the full surface with gold
or carbon. Due to this coverage, although securing of the
particles on the filter medium 1s achieved, these are time-
consuming methods which guarantee a low adhesive bond
and furthermore make the material-specific investigation of
the particles more diflicult.

In order to avoid this disadvantage, DE 102 277 61 Al
proposes dusting the particle accumulation on the filter
medium with an adhesive solution, such as for example
polymers or resins, such as are used in commercially avail-
able hairsprays. After the adhesive solution has dried,
organic structures which bring about cross-linking which
fixes the particles on the filter form between the particles and
the filter medium.

This method has the disadvantage that the adhesive at
least partly covers the particles. These adhesive structures
are visible on SEM micrographs and thus intertfere with the
evaluation. Further, good fixing of the particles can be
achieved only with a relatively thick adhesive coating. A
thick covering of the particles with organic material how-
ever interferes with the quality of the EDX analysis.

It 1s an objective of the present mvention to devise a
method which makes 1t possible to fix particles 1n a simple
and iexpensive manner to a substrate, in particular to a filter
medium, such that subsequent investigation by means of
microscope or SEM/EDX 1s impaired as little as possible.

Furthermore, it 1s an objective of the present invention to
make available an agent for carrying out the method, which
1S Inexpensive, as easy as possible to handle, and non-toxic.

BRIEF SUMMARY OF THE INVENTION

These objectives are achieved by the method according to
the present invention. The method according to the present
invention starts from a method of the type referred to first
hereinbefore. The contacting according to method step (c)
takes place from the lower side of the substrate through the
substrate pores.

Unlike the known method, contacting of the particles
which are to be fixed, which lie on the upper side of the
substrate, with the adhesive solution takes place “from
below” through the pores of the substrate. As a result, the
particles are held securely by the fixing agent “from below”™,
without being covered by the fixing agent.

This method for fixing a particle accumulation on a
substrate 1s suitable for electron-microscopic or light-micro-
scopic mvestigations, and also for handling operations and
transporting the substrate laden with particles, 1f 1t 1s a
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question of avoiding as far as possible a loss of particles or
a change 1n the particle accumulation. Particularly advanta-
geously, the method can however be used if the particles
fixed on the substrate are then to be subjected to a material
analysis, such as for example by means of SEM/EDX. For
there 1s neither the risk that particles will fly away uncon-
trolledly during the investigation, nor 1s there any fear of
notable corruption of the result of the analysis by the fixing
agent.

BRIEF DESCRIPTION OF THE SEVERAL
VIEWS OF THE DRAWINGS

The foregoing summary, as well as the following detailed
description of the invention, will be better understood when
read 1n conjunction with the appended drawings. For the
purpose of illustrating the invention, there are shown 1n the
drawings embodiments which are presently preferred. It
should be understood, however, that the invention 1s not
limited to the precise arrangements and istrumentalities
shown.

In the drawings:

FIG. 1 shows a filter membrane with a particle accumu-
lation which 1s to be analyzed;

FIG. 2 shows a method step for bringing into contact the
particle accumulation on the filter membrane with an adhe-
sive solution; and

FIG. 3 shows the fixing of the particle accumulation on
the filter membrane.

DETAILED DESCRIPTION OF TH.
INVENTION

L1

The substrate serves as an undersurface for the particle
accumulation and as a sample holder for subsequent analy-
ses. It 1s formed two-dimensionally with an upper side and
a lower side, the surface possibly being flat or two-dimen-
sionally or three-dimensionally curved. The substrate con-
tains pores, which are, for example, connected together or
which extend continuously from the upper side to the lower
side, so that 1t 1s permeable to gas and liquid. It consists, 1n
particular, of conventional filter materials, such as cellulose,
or a porous textile matenal, such as nylon or PET.

The adhesive solution contains a solvent or diluent and at
least one fixing agent, for example 1n dissolved form, and/or
at least one precursor for a fixing agent. The fixing agent 1s,
for example, a polymeric organic substance, and the precur-
SOr 1s a monomeric organic substance from which a poly-
meric {iIxing agent 1s produced by polyreaction (polymer-
ization, polycondensation or polyaddition).

Upon bringing the particles and adhesive solution into
contact according to method step (c), the pores of the
substrate {ill at least partly with the dissolved fixing agent—
such as, for example, a dissolved polymeric organic sub-
stance—and/or with the precursor—such as, for example a
monomeric organic substance—and with the solvent or
diluent, so that contact between the particles on the upper
side of the substrate and the adhesive solution forms from
bottom to top. The rising of the adhesive solution from the
lower side of the substrate to the upper side of the substrate
may be based, for example, on capillary force, which ends
as soon as liquid has reached the upper side of the substrate.
As a result, superposition or tlooding of the particles with
the fixing agent 1s prevented particularly etlectively.

To form the adhesive compound, a drying operation 1s
necessary in which at least part of the solvent or diluent 1s
removed from the adhesive solution. As a result of the
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4

complete or partial removal of the solvent or diluent, an
adhesive compound of greater or lesser viscosity forms 1n
the pores of the substrate and in contact with the particles.
This may be based, for example, on simple enrichment of
material by drying, sedimentation and/or segregation, or by
precipitation and/or by polyreaction. The viscous adhesive
compound which forms contacts the particles exclusively or
substantially on the contact surface thereof on the substrate,
and thereby connects them to the substrate “from below”.

The bringing 1nto contact of particles and adhesive solu-
tion may for example take place by way of direct contact of
the particles with the liquid adhesive solution or with
constituents of the adhesive solution which form upon
evaporation or vaporization thereof.

An 1ndirect measure for bringing into contact in which the
lower side of the substrate 1s wetted with the adhesive
solution has proved particularly well suited. Due to the
direct contact with the pore-containing and therefore absor-
bent substrate, the adhesive solution or constituents there-
from are drawn into the pores of the substrate as a result of
capillary force, and thus pass rapidly to the upper side of the
substrate. Checking whether an open-pored, absorbent sub-
strate 1s present may be done using a dye penetration test.

The use may, for example, take place in that the adhesive
solution 1s applied to or sprayed onto the lower side of the
substrate, or in that the adhesive solution flows against the
lower side of the substrate. In a particularly simple method,
the wetting takes place 1n that an 1nitial amount of the liquid
adhesive solution 1s brought into contact with the lower side
of the substrate 1n a container or on a support. In this case,
the substrate with the particles which are to be fixed 1s laid,
for example, on the 1mitial amount of the liqud adhesive
solution.

Due to the vaporization/evaporation of the solvent or
diluent, the fixing agent or the precursor thereof 1s enriched
in the adhesive solution, so that the viscous adhesive com-
pound 1s formed by sedimentation, segregation, precipita-
tion and/or by polyreaction, namely 1n particular 1n the pores
of the substrate. The viscous, for example polymerized,
adhesive compound thereafter remains 1n the pores and on
the lower side of the particles which are 1n contact with the
upper side of the substrate.

In a particularly advantageous method varnant, the adhe-
sive solution contains polymethyl methacrylate (PMMA)
and/or, as precursor therefor, methyl methacrylate (MMA).

Optionally, polymerized PMMA 1s present in the adhesive
solution 1n completely or partly dissolved form. Suitable
solvents are for example mtromethylene chloride, methylene
chloride, nitroethane, ethyl formate or ethyl acetate. To form
a low-viscosity adhesive solution, 1t 1s advantageous 1f the
PMMA macromolecules present are short-chain ones (50k)
and/or 11 additionally, a content of monomers 1s present 1n
the adhesive solution.

The method 1s particularly simple 1f the adhesive solution
contains the monomeric molecule as a precursor for PMMA,
1.e., monomeric methyl methacrylate (MMA). Optionally, 1n
particular, acetone 1s suitable as solvent or diluent. This has
the advantage that acetone can be vaporized or evaporated
simply and quickly without great risks for the environment
and health. The boiling point of acetone 1s 56° C. Upon the
evaporation/vaporization of acetone, constituents of the
adhesive solution, 1n particular smaller molecules, such as
for example short-chain monomers, such as MMA, can also
be transported through the pores to the upper side of the
substrate.

The adhesive compound which forms in such a case
consists completely or predominantly of polymerized
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PMMA, which guarantees good adhesion of the particles to
the undersurface of the substrate and which owing to its
transparency scarcely impairs, or does not impair at all, the
optical analysis of the particle accumulation or SEM/EDX
analysis. d

In a further advantageous method variant, provision 1s
made for the removal of the solvent or diluent to comprise
a method step 1n which the substrate 1s two-dimensionally
stretched.

The substrate 1n this case 1s moist, since 1t still contains
solvent or diluent from the adhesive solution. To stretch it,
the substrate 1s laid for example on a substrate holder which
1s suitable for gripping and tensioning the substrate all
around. Preferably, a filter holder embodied as a drum
tensioner 1s used for this. In the tensioned state, the residual
solvent or diluent, such as for example acetone, evaporates/
vaporizes more quickly, and a structure 1s formed from
fixing compound, such as for example PMMA, beneath the
particles which fixes them on the upper side of the substrate. 20
The tensioning of the substrate in the still-moist state
turthermore contributes to avoiding distortions and corru-
gation. For subsequent analyses, such as, for example,
microscopic or SEM/EDX 1nvestigations, planar substrate
surfaces are advantageous, 1n particular if the investigation 25
equipment has a low depth of field.

In an alternative and equally preferred method vanant, the
substrate upon the bringing into contact according to method
step (¢) 1s two-dimensionally stretched.

In this case, the substrate 1s brought into contact with the 30
adhesive solution 1n the already-stretched state. To stretch it,
the substrate 1s laid for example on a substrate holder which
1s suitable for gripping and tensioning the substrate all
around, such as by way of example and preferably a filter
holder embodied as a drum tensioner. In this case too, the 35
tensioning of the substrate contributes to avoiding distor-
tions and corrugation of the substrate.

With regard to the agent for fixing particles on a substrate,
the objectives set forth above, starting from an agent of the
type referred to first herembefore, are achieved according to 40
the present invention 1n that the agent contains a solution of
polymethyl methacrylate (PMMA) and/or of a precursor
therefor.

The agent for fixing comprises an adhesive solution,
which 1n the simplest case contains a precursor for PMMA, 45
1.€., Tor example monomeric methyl methacrylate (MMA).
Optionally, 1n particular, acetone 1s suitable as solvent or
diluent. This has the advantage that acetone can be vapor-
1zed or evaporated simply and quickly without great risks for
the environment and health. The solvent or diluent also 50
serves for setting the viscosity of the adhesive solution.

Alternatively, or additionally to this, already polymerized
or partially polymerized PMMA 1s present in the adhesive
solution 1n dissolved form. Suitable solvents are, {for
example, nitromethylene chloride, methylene chlonde, 55
nitroethane, ethyl formate or ethyl acetate.

The agent according to the invention 1s suitable, in
particular, for fixing particles using the method according to
the invention discussed above for conditioning a sample for
clectron-microscopic or light-microscopic investigation of 60
particles on a substrate (filter medium, such as for example,

a filter membrane) 1n the context of residual contamination
analysis.

The adhesive compound which forms when using the
fixing agent consists completely or predominantly of polym- 65
erized PMMA, which guarantees good adhesion of the
particles to the substrate undersurface and which, because of
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its transparency, scarcely impairs or does not impair the
optical analysis of the particle accumulation or SEM/EDX
analysis.

The agent according to the invention 1s, in particular,
suitable for fixing particles on an upper side of a two-
dimensional substrate by means of an adhesive compound,
the volume of which 1s limited substantially to the region of
contact surfaces between the particles and the upper side of
the substrate.

EXAMPLES

Method step (a) 1s providing a substrate which contains
open pores and which has an upper side and a lower side,
with the particles to be fixed on the upper side.

The components of a machine element 1n the context of
residual contamination analysis are treated with a washing
solution and the particle-containing washing solution 1s
drawn ofl over a filter membrane. The particles contained 1n
the washing solution are deposited on the upper side of the
filter membrane.

In the example, a commercially available closed-mesh
mesh filter having a filter diameter of 47 um and made of

PET material (polyethylene terephthalate) 1s used as filter
membrane (JOMESA; 50 um; trade name: PE-471.-50).

FIG. 1 shows schematically the filter membrane 1 and
particles 3 accumulated on the upper side 2 thereof. FIG. 1
and the following schematic representations of FIGS. 2 and
3 are not to scale, but rather are for illustration purposes.

The filter membrane 1 1s then prepared for analysis by
means of light microscopy. This preparation comprises a
preparation measure for fixing the particles 3 on the filter
membrane 1. The fixing takes place 1n that a fixing com-
pound 3 (FIG. 3) 1s produced between the particles 3 and the
upper side 2 of the filter membrane 1.

Method step (b) 1s providing an adhesive solution which
contains a fixing agent or a precursor for a fixing agent 1n a
solvent or diluent.

The adhesive solution 1s composed of monomeric acrylic
adhesive (methyl methacrylate; MMA), dissolved 1n a mix-
ture of ethyl formate, nitroethane and butanol (obtainable
from Evonik under the name Acnifix 1S 0116), diluted 1n
acetone. A dilution 1n a volume ratio of 1:4 (one part acrylic
adhesive, four parts acetone) supplies a sufliciently low-
viscosity adhesive solution and an adhesive mass after
polymerization.

Example 1 of Method Steps (¢) and (d)

In one embodiment, method step (c¢) 1s bringing into
contact the particles and the adhesive solution, as follows.

FIG. 2 shows schematically the procedure in which the
fixing compound or a precursor therefor 1s applied through
the filter membrane pores from the lower side 4 of the filter
membrane 1.

The low-viscosity adhesive solution 6 (“fixing solution™)
in so doing i1s poured onto a glass surface or as, in the
example, into a Petri dish 7, and the filter membrane 1 to be
investigated 1s laid on the adhesive solution 6. 1 ml of the
adhesive solution suflices for a filter membrane of a diameter
of 47 mm.

The adhesive solution and components contained therein
pass ifrom the lower side 4 of the filter membrane 1, as a
result of capillary force, through the pores to the upper side
2 and therein contact the particle surfaces which are 1n
contact with the filter membrane 1. Due to capillary force
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and surface tension, the adhesive solution 6 1s drawn slightly
upwards on the particle surfaces.

Method step (d) 1s removing the solvent or diluent, and
thereby forming an adhesive compound which fixes the
particles on the substrate and which contains the fixing
agent.

The diluent and solvent “acetone™ vaporize under stan-
dard conditions (e.g., room temperature: 25° C., atmospheric
pressure: 1013 hPa). In so doing, the MMA begins to
polymerize, and a {ixing compound 5 forms which fixes the
particles 3 on the filter membrane 1, as 1llustrated schemati-
cally in FIG. 3.

After about 1 minute, the impregnated and still-moist
filter membrane 1 1s placed on a filter holder which tensions
the filter membrane 1, such as for example, on a glass
surface or on an adhesive paper undersurface or on a drum
tensioner. In this tensioned state, the residual acetone vapor-
izes and a structure of polymerized MMA (PMMA) forms
beneath and on the lower region of the particles which glues
them to the filter membrane 1. The volume of the fixing
compound 1s thus substantially restricted to the region of
contact surfaces between the particles 3 and the upper side
2 of the filter membrane. The filter holder (such as, for
example, the glass surface, the paper undersurface 9 or the
drum tensioner) reduces distortion and corrugation of the
filter membrane 1.

The filter membrane 1 can then be used as a sample holder
for electron-microscopic and light-microscopic investiga-
tion. Even 11 there are relatively strong electrostatic charges,
the particles do not jump away.

Example 2 of Method Steps (¢) and (d)

In another embodiment, method step (¢) 1s bringing 1nto
contact the particles and the adhesive solution, as follows.

The low-viscosity adhesive solution 1s poured into a Petri
dish. 1 ml of the adhesive solution suflices for a filter
membrane of a diameter of 47 mm. The filter membrane 1s
placed on a filter holder which tensions the filter membrane
(drum tensioner).

1 ml of the adhesive solution 1s poured onto the planar
upper side of a support. The adhesive solution spreads over
the planar upper side but does not tlow away due to the
surface tension, so that a thin coating (film) of adhesive
solution 1s formed on the upper side of the support.

In the tensioned state, the filter membrane 1s laid with 1ts
lower side on the support which 1s coated with the adhesive
solution.

In an alternative method variant, the filter membrane 1n
the tensioned state 1s laid with 1ts lower side on a planar
upper side of the support, the upper side of the support being,
connected by way of an inlet channel to a storage container
for the adhesive solution, via which then 1 ml of the
adhesive solution 1s pumped onto the upper side of the
support.

In this embodiment, the adhesive solution and compo-
nents contained therein pass from the lower side of the filter
membrane, as the result of capillary force, through the pores
to the upper side and in contact with the particle surfaces
which are in contact with the filter membrane.

Method step (d) 1s removing the solvent or diluent, and
thereby forming an adhesive compound which fixes the
particles on the substrate and which contains the fixing
agent.

The diluent and solvent “acetone™ vaporize under stan-
dard conditions (e.g., room temperature: 25° C., atmospheric
pressure: 1013 hPa). In so doing, the MMA contained 1n the
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8

adhesive solution begins to polymerize and a fixing com-
pound of polymerized MMA (PMMA) 1s formed beneath the
particles, which fixing compound glues them to the filter
membrane, as schematically illustrated in FIG. 3.

The filter membrane can then be used as a sample holder
for electron-microscopic and light-microscopic investiga-
tion. Even 1n the case of relatively strong electrostatic
charges, there 1s no loss of particles due to particles jumping
away.

Example of the Agent for Fixing Particles to a
Substrate

The agent consists of monomeric acrylic adhesive (imethyl
methacrylate; MMA), dissolved in a mixture of ethyl for-
mate, nitroethane and butanol (obtainable from Evonik
under the name Acrifix 1S 0116). This adhesive 1s diluted 1n
a volume ratio of 1:4 with acetone (one part acrylic adhe-
sive, four parts acetone), so that a low-viscosity adhesive
solution 1s obtained.

It will be appreciated by those skilled 1in the art that
changes could be made to the embodiments described above
without departing from the broad inventive concept thereof.
It 1s understood, therefore, that this invention 1s not limited
to the particular embodiments disclosed, but it 1s mntended to
cover modifications within the spirit and scope of the present
invention as defined by the appended claims.

I claim:

1. A method for fixing particles on a substrate, the method
comprises the steps:

(a) providing a substrate containing open pores, the sub-
strate having an upper side and a lower side, with the
particles to be fixed on the upper side;

(b) providing an adhesive solution containing a fixing
agent and/or a precursor for the fixing agent in a solvent
or diluent, the fixing agent being polymethyl methacry-
late (PMMA) and the precursor being methyl meth-
acrylate;

(c) contacting the particles with the adhesive solution;

(d) removing the solvent or diluent, and thereby forming
an adhesive compound which fixes the particles on the
substrate and which contains the fixing agent,
wherein the contacting according to step (¢) takes place

from the lower side of the substrate through the open
pores.

2. The method according to claim 1, wherein the lower
side of the substrate 1s wetted with the adhesive solution.

3. The method according to claim 2, wherein the wetting
takes place 1n that an 1mitial amount of the adhesive solution
1s brought mto contact with the lower side of the substrate
in a container or on a support.

4. The method according to claim 1, wherein a volume of
the adhesive compound 1s limited substantially to a region of
contact surfaces between the particles and the upper side of
the substrate.

5. The method according to claim 1, wherein the solvent
1s selected from the group consisting of nitromethylene
chloride, methylene chloride, nitroethane, ethyl formate,
cthyl acetate and acetone.

6. A method for fixing particles on a substrate, the method
comprising the steps of:

(a) providing a substrate containing open pores, the sub-
strate having an upper side and a lower side, with the
particles to be fixed on the upper side;

(b) providing an adhesive solution containing a fixing
agent and/or a precursor for the fixing agent in a solvent
or diluent;
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(c) contacting the particles with the adhesive solution; and
(d) removing the solvent or diluent, and thereby forming
an adhesive compound which fixes the particles on the
substrate and which contains the fixing agent,
wherein the contacting according to step (¢) takes place
from the lower side of the substrate through the open
pores, and
wherein the removal of the solvent or diluent according
to step (d) comprises two-dimensionally stretching
the substrate.

7. The method according to claim 6, wherein the two-

dimensional stretching takes place using a drum tensioner.

8. A method for fixing particles on a substrate, the method

comprising the steps of:
(a) providing a substrate containing open pores, the sub-
strate having an upper side and a lower side, with the
particles to be fixed on the upper side;
(b) providing an adhesive solution containing a fixing
agent and/or a precursor for the fixing agent in a solvent
or diluent;
(¢) contacting the particles with the adhesive solution; and
(d) removing the solvent or diluent, and thereby forming
an adhesive compound which fixes the particles on the
substrate and which contains the fixing agent,
wherein the contacting according to step (¢) takes place
from the lower side of the substrate through the open
pores, and

wherein the contacting according to step (c¢) 1s carried
out using a two-dimensionally stretched substrate.

9. The method according to claim 8, wherein a drum

tensioner 1s used for forming the two-dimensionally
stretched substrate.
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